Abstract. This paper addresses a multi-item joint procurement lot-sizing problem with limited budget, outsourcing, and backlogging, where product-dependent minor setup cost and major setup cost are considered. We build four models and code Lingo-based simulation scripts. By the comparative experiments, we find that backlogging and outsourcing policies can reduce the system total cost.
Introduction
Economic globalization results in the more complex and changeable customer demand, and the finer division of labor and the wider cooperation among the enterprises. Therefore, the enterprises can provide customers with better products and services only through their closer cooperation. Outsourcing policy can reduce costs while improve quality of service and customer satisfaction, has become a usual tool to meet the customers requirement with more variability. The dealer engaging in a variety of goods often faces the multi-item joint procurement problem under limited purchasing budget. When outsourcing is taken into account, customer demand can be satisfied not only by procurement, and/or through inventory from previous periods, and/or by backlogging from subsequent periods, but also it can be partially or entirely outsourced. The problem can be modeled as multi-item dynamic lot-sizing problem (MDLSP) with outsourcing and backlogging, the optimization objective is to minimize the total cost.
The multi-item dynamic lot-sizing problem is the extension of the classic work of Wagner and Whitin (1958) . HINDI (1995) researches the single-level MDLSP with single capacitated resource, develops a solution strategy based on a branch-and-bound search, whereby column generation algorithm is employed to solve a linear programming relaxation of the model based on variable redefinition, the resulting subproblems are then single-item uncapacitated lot-sizing problems solved as shortest path problems, effective good upper bounds are also generated by solving an appropriate minimum-cost network flow problem at each node of the branch-and-bound tree. Bylka and Rempala (2001) research the MDLSP with nonlinear production cost and linear holding cost, the total cost is obtained by an auxiliary allocation approach. Minner (2009) researches the MDLSP with limited warehouse capacity, and then suggests a saving-based heuristic which is compared with constructive approach according to cost-based priority rule and smoothing heuristic. Gicquel et al. (2009) research the discrete lot-sizing and scheduling problem with sequence-dependent changeover costs, propose a new way of modeling the production system based on the use of a multi-attribute product structure, where products can be identified not only by a unique index, but also a set of physical attributes such as color, they show that it can reduce the size of the model due to looking at changeovers at an aggregate level using the relevant physical attributes instead of considering each individual changeover between items. For the MDLSP with transportation, consider the case of the fixed capacity of transportation container, and devise a heuristic with an adjustment mechanism according to the optimal solution properties. Sancak and SibelSalman (2011) address the multi-period problem by considering safety stock and the option of delaying a less-than-full truckload shipment to the next period, analyze the impact of delaying shipments on both cost and service levels. For the MDLSP with supplier selection, Basnet and Leung (2005) consider supplier-dependent transaction cost, product-dependent holding cost and purchasing cost depended on both supplier and product, present an enumerative search algorithm and a heuristic. Rezaei and Davoodi (2011) establish multi-objective non-linear programming model respectively for the loss sales case and backlogging case, where the optimal objectives are comprised of total cost, total quality level and total service level, employ NSGA-II algorithm to solve them.
In the literature on MDLSP, there exist some works considering setup time and setup cost. Caserta and Quiñonez Rico (2009) research the multi-period capacitated MDLSP with setup time, propose a hybrid algorithm based on cross entropy and Lagrangean relaxation. Brahimi et al. (2010) investigate the capacitated MDLSP with non-customer specific production time windows and setup times, which is resolved respectively by a Lagrangean relaxation-based heuristic and by a commercial software on new reformulations. Muller et al. (2012) address the capacitated MDLSP with setup times, and present a hybrid heuristic solution approach based on the adaptive large neighborhood search heuristic framework where a mixed integer programming solver is used to improve solutions. Chan and Chiu (1997) research the MDLSP with major setup cost and minor setup cost, develop an extension of the one-way-eyeballing-heuristic to a multi-product algorithm. Pratsini (2000) analyzes the effect of decreasing setups through learning on the capacitated MDLSP where setup cost is involved in the objective function and setup time is considered in the capacity constraint, and develop a heuristic to solve the model. Narayanan and Robinson (2010) researched the joint procurement decision problem for a family of products that share a constrained resource such as an ocean shipping container, where major setup cost and minor setup cost are taken into account, then proposed a six-phase heuristic and simulated annealing meta-heuristic.
There are some contributions concentrating on the DLS problem with outsourcing, such as lost sales model (Aksen et The rest of the paper is outlined as follows. Section 2 gives the mathematical formulations of the four models under study. Section 3 presents Lingo-based simulation experiments. Section 4 concludes this study.
Problem Models
We research the multi-item joint procurement problem with the product-dependent minor setup cost and major setup cost. Product demands in each period are assumed to be dynamic, and can be acquired using the customer orders and demand forecasting. Demands can be met by the combination of purchasing, inventory on hand, backlogging and outsourcing policy. Suppose that there is no replenishment lead time as in many DLS papers. The total budget purchasing products in each period is limited. The problem is that of satisfying all demands in the planning horizon at minimal total cost. To describe the model, the following notations are defined: T length of the planning horizon t time period (t =1, ..., T) N number of products i product index (i =1, ..., N) d it demand of product i in period t S t major setup cost at period t K it minor setup cost of product i in period t P it unit procurement cost of product i in period t H it unit holding cost of product i in period t R it unit outsourcing cost of product i in period t G it unit backlogging cost of product i in period t C t procurement budget at period t M an arbitrarily large number The decision variables: 
The objective function (1) seeks to minimize the total costs, which includes the procurement, holding, backlogging and outsourcing costs. Constraints (2) are the material balance equation. Constraints (3) show that outsourcing level of per product at each period should not exceed its current demand. Constraints (4) are the funds constraints. Constraints (5) force Y it to one when X it is positive. Constraints (6) prevent an item setup from occurring unless the product family is setup. Constraints (7) define Y it and Z t as binary values. Constraints (8) and (9) mean that both inventory level and backlogging level at periods 0 and T are zero. Constraints (10) mean procurement, outsourcing, holding and backlogging levels are non-negative integers.
To verify the influence of outsourcing and backlogging policies on the model performance, we also build the following three models: (i) the model with outsourcing (P2), which can be obtained by removing the items and constraints associated with backlogging from the (P1).
(ii) the model with backlogging (P3), which has no items and constraints relative to outsourcing compared to (P1).
(iii) the model without outsourcing and backlogging (P4), which doesn't comprise the items and constraints relevant to outsourcing and backlogging in (P1).
Simulation Experiment
We employ LINGO 11 to solve the four models. By comparing their results, we find out that outsourcing and/or backlogging can significantly improve the system performance.
We consider the dynamic seasonal demand, which can be formulated as,
where it ε is standard normal distribution.
In the experiment, we set T =12, N =2, M =10000. The other model parameters are yielded randomly by uniform distribution defined on the interval (A,B) as shown in table 1. Table 1 parameters settings of the model Table 2 shows an instance generated randomly by LINGO. By means of LINGO solver, we can obtain the results of four models which are shown in Table 3 and Table 4 . Table 3 , we can see that outsourcing and backlogging policies are helpful for decreasing the system total cost although they may incur the increasing of some single cost.
From Table 4 , we observe that demand is satisfied flexibly due to the introduction of outsourcing and backlogging. For instance, purchasing at a period can satisfy the demand for more than one period (e.g. ), the demand at a period can be met by partial procurement and partial outsourcing (e.g. ), the demand at several periods can be backordered to some subsequent period (e.g. ), purchasing and partial backlogging are used to satisfy the demand all together in view of limited budget (e.g. ), the demand at a period is fully outsourced (e.g. ), and so on. These phenomena can be explained from the perspective of minimal cost according to Table 2 .
Conclusions
This paper reviews the researches on single-level multi-item DLS problem. We research the single-stage multi-item joint procurement problem in the presence of a single capacitated resource, minor setup cost and major setup cost. In order to verify the influence of outsourcing and backlogging policies on the optimal solutions for the problem under study, we establish four models and employ the Lingo solver to solve them for the same problem parameters. By the simulation experiments, we show that outsourcing and/or backlogging policies can lessen the system overall cost. The future work is to design a heuristic algorithm to solve the actual problem with appropriate size.
